Abstract Some low contrast images have certain characteristics makes it difficult to use traditional methods to improve it. An example of these characteristics, that the amplitudes of images histogram components are very high at one location on the gray scale and very small in the rest of the gray scale. In the present paper, a new method is described. It can deal with such cases. The proposed method is a combination of Histogram Equalization (HE) and Fast Gray-Level Grouping (FGLG). The basic procedure of this method is segments the original histogram of a low contrast image into two sub-histograms according to the location of the highest amplitude of the histogram components, and achieving contrast enhancement by equalizing the left segment of the histogram components using (HE) technique and using (FGLG) technique to equalize the right segment of this histogram components. The results have shown that the proposed method does not only produce better results than each individual contrast enhancement technique, but it is also fully automated. Moreover, it is applicable to a broad variety of images that satisfy the properties mentioned above and suffer from low contrast.
Introduction
Because some features are hardly detectable by eye in an image, we often transform images before display. Numerous contrast enhancement techniques exist in literature, such as gray-level transformation based techniques (e.g., logarithm transformation, power-law transformation, piecewise-linear transformation, etc.) and histogram processing techniques (e.g., Histogram Equalization (HE), histogram specification, etc.) [1] [2] [3] [4] [5] [6] . Histogram Equalization (HE) is one the most well-known methods for contrast enhancement. Such an approach is generally useful for images with poor intensity distribution. Its basic idea lies on mapping the intensity levels based on the probability distribution of the input intensity levels. It flattens and stretches the dynamics range of the image's histogram and resulting in overall contrast improvement [7] . However, it tends to change the brightness of an image and hence, often fail to produce satisfactory results for a broad variety of low-contrast images. Such as, the original image have the amplitudes of its histogram components are very high in the first component of the nonzero histogram components NZHC, e.g., at the zero location on the gray scale and very small in the rest of the gray scale, which could cause a washed-out effect on the appearance of the output image [8] .
Recently, a histogram-based optimized contrast enhancement technique called Gray-Level Grouping (GLG) was developed by Chen et al. [8] . The basic procedure of this technique is to first group the histogram components of a low-contrast im- Figure 1 Flow chart of the proposed method algorithm with combination of HE and FGLG.
age into a proper number of groups according to a certain criterion, then redistribute these groups of histogram components uniformly over the gray scale so that each group occupies a gray scale segment of the same size as the other groups, and finally ungroup the previously grouped gray-levels.
To reduce time in GLG technique as well as the number of iterations, a default value can be used for the total number of gray-level bins (as the right of Fig. 1 ), 20. In this method there is no need of constructing the transformation function and calculating the average distance between pixels on the gray scale for each set of gray-level bins. This method is called Fast GrayLevel Grouping (FGLG) since it is executed faster than basic GLG, as in [8] . It enhances the contrast of images that have the position of the highest amplitude histogram component, P hist , in the first component of the nonzero histogram components NZHC. These techniques cannot enhance low contrast images that have P hist lie in any location of the left region of NZHC [9] . Fig. 2 shows the histograms of a virtual image in four basic intensity characteristics (dark, light, low contrast and high contrast) which the P hist , solid line, lies in the left region of NZHC. The horizontal axis of each histogram plot corresponds to intensity values, r k . The vertical axis corresponding to values of the probability of occurrence of intensity levels, P(r k ).
In this paper, a new method is described to enhance low contrast images that have the amplitudes of its histogram components are very high at one location on the gray scale and very small in the rest of the gray scale. This paper is organized as follows. Our proposed method is reported in the next section. In Section 3, the experimental results of our proposed method and other existing methods are presented and compared fairly. Section 4 contains our concluding remarks.
The proposed method
In this section, an automatic contrast enhancement technique is proposed that performs effectively with images that have the position of the highest amplitude histogram components lies in the left of NZHC region. It is a combination of Histogram Equalization (HE) and Fast Gray-Level Grouping (FGLG). The proposed method is carried out via various stages. Fig. 1 illustrates a schematic diagram of the proposed method.
The histogram of an image with intensity levels in the range [0, L À 1] is a discrete function h(r k ) = n k , where r k is the kth intensity level and n k is the number of pixels in the image with intensity r k . It is common practice to normalize a histogram by dividing each of its components by the total number of pixels in the image, denoted by product MN, where, as usual, M and N are the row and column dimensions of the image. Thus, a normalized histogram is given by P(r k ) = n k /MN, for k = 0, 1, 2, . . . , L À 1. Loosely speaking, P(r k ) is an estimate of the probability of occurrence of intensity level r k in an image. Suppose that an input image I with intensity levels in the range [0, L À 1] and its histogram was calculated, the basic procedure of the proposed method is as follows:
Histogram separation
Find the position of the highest amplitude histogram component, P hist , on the gray scale. If P hist lies inside the left segment of the NZHC but not in the first component of the NZHC, the histogram can be separated into two sub-histograms, the first starting from 0 to (P hist À 1) intensity and the second starting from P hist to maximum intensity level (L À 1).
On the other hand, if P hist lies inside the right segment of the NZHC or in the first component of the NZHC then we have to enhance low contrast image using FGLG.
Piecewise transformed function
Having performed the histogram separation based on the position of the highest amplitude histogram component, P hist . We can directly apply the HE to first sub-histogram from 0 to (P hist À 1) and apply FGLG to second sub-histogram from P hist to L À 1. The transformation function using HE can be expressed as followed [1, 7] :
for k = 0, 1, 2, . . . , P hist À 1. The transformation function using FGLG is T FGLG (r k ), for k = P hist , P hist + 1, P hist + 2, . . . , L À 1, as shown in Fig. 1 . Therefore the piecewise transformed function T(r k ) can be expressed as followed:
Finally, the piecewise transformed function is applied to the original image to reconstruct the optimal enhanced image.
Experimental results
To demonstrate the effectiveness of the proposed algorithm, it was implemented and applied to a 46 of low contrast gray scale and colored images, such as text, faces and X-ray medical images. As visual quality is extremely desirable for the contrast enhancement of the image, some specific properties are indicative of an effective contrast enhancement method. These are the probability of erroneous associations due to unsuitable illumination changes created by over-enhancement. Fig. 3a shows the low contrast image of a sample text and histogram corresponding it, which show the position of the highest amplitude histogram component, P hist = 27. Fig. 3b is the equalized image using HE and histogram corresponding it. Histogram Equalization, on the other hand, substantially changes the original image. Many of the previously hidden letters are exposed. Unfortunately, at the same time, the enhancement over-saturates several areas of this image. Notice how the equalized image became washed out and not acceptable for many applications as mentioned earlier. The cause for the washed-out appearance is that the middle of the gray scale on the histogram of the equalized image is simply empty. Fig. 3c and d is the resulting images of GLG and FGLG respectively, which are better than the HE result and the histograms for it results, are spread better than histogram for HE. Therefore the images result using GLG and FGLG are better than image result using HE, but the letters in these images still are not clear and appear slightly washed-out. Fig. 3e shows the results of the proposed method and it is more effective than that obtained from techniques mentioned. The histogram corresponding it is more spread over the full range of gray scale, so there is no washed-out appearance in the output image and more natural looking effect. The mapping curves are illustrated in Fig. 4 . It can be seen, that the proposed method, solid line, has a smoother curve compared to other methods. The equalized image mapped using the proposed method is a smooth mapping curve and can produce a more natural looking enhancement of original image as shown in Fig. 3e . In addition to qualitative evaluation, quantitative accuracy is also utilized to evaluate the proposed method and compare its performance with other methods. Using the Peak Signal-toNoise Ratio (PSNR), Mean Square Error (MSE) and Absolute Mean Brightness Error (AMBE), are the most common measures of picture quality in image processing [10, 11] , it is possible to compare their performance. The PSNR is defined as follows:
where MSE is mean-square error, defined as
where I and I are the original and enhanced image, respectively, of size M · N. Note that higher PSNR value and lower MSE represents greater image quality. The performance of brightness preservation is rated by an objective measurement AMBE. It is defined as the absolute differential gray-level mean between the original image and enhanced image.
I m and I m denote the gray-level mean of the original and enhanced image, respectively. Note that lower AMBE value indicates that the brightness is better preserved and greater image quality. has different position. In the left segment of gray scale shows that the proposed method has a highest PSNR values and lowest MSE, AMBE values. Moreover, it can be seen that the PSNR values decrease when we move away from the left of gray scale and there is an increase in the MSE and AMBE values.
Figs. 6-9 show examples of low contrast gray scale images to demonstrate the effectiveness of the proposed method when P hist lies in the left segment of the histogram component. These figures illustrate the results obtained from applying HE, GLG, FGLG and proposed algorithm. It can be seen from these figures that visual quality of original image has been greatly enhanced in the resultant images. Fig. 10 , on the other hand, shows the Chest X-ray images, where the resultant image has not been enhanced by applying the proposed method. However, these images have been enhanced using GLG and FGLG method because P hist lies in the right segment of the histogram components.
The quantitative analyses of the images in Figs. 6-10 are calculated and listed in Tables 2-6 . It is noted that the images in Figs. 6-9 have significantly larger PSNR values and smaller MSE and AMBE values comparison with the other techniques. These results indicate that the proposed method performed better than other techniques. The interpretation of these results is that low-contrast images have noisy backgrounds representing a fairly large percentage of the image area.
The high amplitudes of the histogram components corresponding to the noisy image background often prevent the use of conventional Histogram Equalization techniques and the new basic GLG technique, because they would significantly amplify the background noise, rather than enhance the image foreground [9] .
On the other hand, the images which have P hist lies in right segment of the histogram component can be processed using the GLG or FGLG method as shown in the flowchart in Fig. 1 . These characteristics often prevent the use of proposed method because of nature algorithm of the FGLG, the transformation function, T FGLG , shows the P hist mapping into zero location in gray scale. So the sudden change in result image in visual is occurrence in this case. As a result in Fig. 10e , the image is not desirable in visual.
The following Tables 7-9 show the quantitative analysis of HE, GLG, FGLG and the proposed method when applied to colored images as shown in Figs. 11-13. It can be seen from these figures that visual quality of original image has been greatly enhanced in the resultant image.
Conclusion
In this paper, a new method for automatic contrast enhancement images is described, which is a combination of the Histogram Equalization (HE) technique and the Fast Gray-Level Grouping (FGLG) technique. Experimental results show that the proposed method produces is effective and robust enhancement and better enhancement for various images than using each technique separately. The results show that the proposed method achieves the best quality through qualitative visual inspection and the image quantitative analysis of Peak Signal-to-Noise Ratio (PSNR), Mean square error (MSE) and Absolute Mean Brightness Error (AMBE) for the used images. The proposed method can be conducted in a fully-automated manner to contrast enhancement. 
